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In those animals which demonstrate net reabsorption of
urate, there has been the impression that the reabsorption of
urate is intimately linked to that of sodium. Indeed, some
authors have speculated that urate may be involved in a
cotransport process with sodium at the luminal membrane of
the proximal tubule [1]. Recent evidence has not supported the
presence of a sodium-urate cotransport mechanism [2, 31, but
on several different levels, the reabsorption of urate is indirectly
linked to the reabsorption of sodium. Since sodium-linked urate
transport pertains to those animals which demonstrate net urate
reabsorption, such as the rat and mongrel dog [4, 5], this review
will focus on urate transport mechanisms operative in these
species. In this review, the renal handling of urate will be
presented, with particular attention to those transport mecha-
nisms present in the brush border membrane. The factors which
relate the reabsorption of urate to that of sodium at the tubular
level will then be presented. Finally, the relation between the
transport system for urate and the transport systems for sodium
at the brush border membrane will be discussed.
Transport of urate in vivo
About 10% of plasma urate is bound to protein [61. Urate
which is not bound is filtered at the glomerulus, and the plasma
negative Gibbs-Donnan potential raises the urate concentration
in the glomerular ultrafiltrate above the free plasma urate
concentration. These two opposing factors give rise to a urate
concentration in the ultrafiltrate which is approximately equal
to the total concentration of urate in the plasma [71.
Animals such as the human, monkey, rat and mongrel dog
demonstrate net reabsorption of filtered urate. This is the result
of mediated unidirectional reabsorptive and secretory fluxes,
which for the most part, are confined to the proximal tubule [4,
5, 8—111. Although the abstraction of water from the proximal
tubule could lead to net reabsorption of urate by passive means
alone, it is clear that in certain animals, such as the rat and
monkey, the reabsorption of urate can be an uphill process
[10—13]. In free-flow micropuncture studies in the rat, the
proximal tubule fluid-to-plasma urate concentration ratio has
been found to be less than 1 [10]. Since the transepithelial
potential difference in this nephron segment is negligible, these
data imply that in the rat, urate can be reabsorbed against an
electrochemical gradient. This conclusion was confirmed by
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Weinman and co-workers, who performed simultaneous peritu-
bular capillary and proximal tubular lumen microperfusion
studies [13]. The luminal perfusion solution contained enough
mannitol so that net water absorption did not occur, and the
capillary and luminal perfusion solutions contained the same
initial concentration of [14C1 urate. The ratio of collected to
initial concentrations of urate in the luminal perfusate was 0.71
[13]. Thus, urate can be reabsorbed against a concentration
gradient. The driving force for the uphill reabsorption of urate
in the rat proximal tubule is most likely derived from the
inwardly-directed electrochemical gradient for sodium gener-
ated by the Na, K pump at the basolateral membrane. Unlike
the brush border sodium-glucose or sodium-amino acid cotrans-
port systems, however, the link between the sodium gradient
and urate reabsorption is indirect [2, 3].
The reabsorptive flux of urate in the rat proximal convoluted
tubule proceeds by a mediated process, presumably through the
cell, and by a nonsaturable, noninhibitable pathway, presum-
ably across the tight junction [14]. When studied under condi-
tions of constant flow rate and corrected for the nonsaturable
component of urate absorption, the relation between the rate of
urate absorption and the intraluminal concentration of urate
followed first-order saturation kinetics [14]. Studies in the rat
have shown that the presence of probenecid, furosemide,
p-aminohippurate (PAH), and the anion exchange inhibitors,
4-acetamido-4'-isothiocyanostilbene-2,2'-disulfonic acid (SITS)
and 4,4'-diisothiocyanostilbene-2,2'-disulfonic acid (DIDS) in
the luminal fluid inhibits the absorptive flux of urate [15, 16].
The absorptive flux of urate is increased by the presence of
PAH in the peritubular capillary fluid [16]. These studies
support the idea that urate reabsorption in the rat proximal
tubule is mediated, at least in part, by an anion exchange
process.
The secretory flux of urate in the proximal convoluted tubule
of the rat also occurs by a saturable and presumably transcel-
lular pathway, and by a nonsaturable and presumably paracel-
lular pathway [17]. The relation between the mediated secretory
flux of urate and the urate concentration in the peritubular
capillaries demonstrates first-order saturation kinetics [17].
Simultaneous capillary and luminal microperfusion studies and
peritubular capillary microinjection studies have shown that
probenecid, p-chloromecuribenzoate, PAH, pyrazinoate or
SITS in the capillary fluid inhibit the secretory flux of urate
[16—18], and PAH in the luminal perfusate stimulates the
secretion of urate [16]. Thus, urate secretion in the rat proximal
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Fig. 1. Effect ofpH on anion uptake in dog renal brush border vesicles.(A) 7.5/7.5. Membrane vesicles were preincubated for 120 mm at 20°C
in 170 mri mannitol, 42 msi Tris, 67 mi Hepes, 36 msi K, 18 mM
sulfate, pH 7.5, and then uptake of 22 tM urate and 1.2 /LM PAH was
assayed in the presence of 155 mi mannitol, 8 mri Tris, 13 mr'i Hepes,
104 mM K, 4 msi sulfate, 52 mri phosphate, pH 7.5. (•) 6.0/7.5.
Membranes were similarly preincubated at pH 7.5, but anion uptake
was assayed in the presence of 200 mrt mannitol, 8 msi Tris, 13 mM
Hepes, 60 mri K, 4 msi sulfate, 52 msi phosphate, pH 6.0. (•) 6.0/6.0.
Membranes were preincubated in 200 mpi mannitol, 42 mrs Tris, 67 mM
Hepes, 18 m sulfate, pH 6.0, and then anion uptake was assayed in the
presence of 180 mri mannitol, 8 mrr Tris, 13 mi Hepes, 60 mM K, 4
m sulfate, 52 mr,i phosphate, pH 6.0. Each point represents the mean
SE for three determinations. Reprinted with permission from refer-
ence 19.
tubule is a mediated event, and an anion exchange mechanism
may be involved in this process as well.
The transepithelial flux data in the rat proximal convoluted
tubule described above are not able to provide a subcellular
model for the bidirectional transport of urate. In recent years,
several laboratories have successfully examined the transport
of urate in isolated brush border and basolateral membrane
vesicles from the renal cortex. The majority of these vesicle
studies have been performed with the dog and rat [2, 3, 19—241,
species which demonstrate net reabsorption of urate [4, 5].
These data have provided insight into the mechanisms by which
urate is transported across the individual membrane barriers of
the proximal tubule cell, and have formed the basis of a
subcellular model for the bidirectional transport of urate which
can potentially explain the majority of urate transport data
obtained with in vivo techniques [25].
Transport of urate in renal brush border vesicles
Blomstedt and Aronson examined the uptake of urate and
PAH in brush border vesicles from the renal cortex of the
mongrel dog [19]. They found that when an inside-alkaline pH
gradient was imposed across the vesicle membrane (pH1 = 7.5,
pH01 = 6.0 vs. pH1 = pH0 = 7.5 or 6.0) the uptake of urate
and PAH were stimulated and resulted in a transient overshoot
above the equilibrium values. These data are shown in Figure 1.
pH gradient-stimulated urate and PAH uptake were not due to
non-ionic diffusion of the weak acids, but were due to a
mediated transport process since both urate and PAH uptake
were saturable, inhibitable by each other and inhibitable by
furosemide and the uricosuric drugs salicylate and probenecid
[191. In addition, urate and PAH uptake were negligibly affected
by a change in membrane potential [2, 19]. These studies
indicated that the renal brush border membrane of the mongrel
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dog contains a transport system which is shared by urate and
PAH and mediates the exchange of these compounds with
hydroxyl ions or their cotransport with protons via an electro-
neutral process.
Kahn and Aronson demonstrated that the inside alkaline pH
gradient-stimulated uptake of urate was inhibited by external
chloride and that an outwardly directed chloride gradient stim-
ulated the uptake of urate and PAH and resulted in an over-
shoot for urate above its equilibrium value [2]. In addition, an
inwardly-directed chloride gradient caused the transient effiux
1 2 5 10 90 of urate against an electrochemical gradient. The effects of
chloride gradients on the transport of urate were not due to
alterations in the pH gradient across the vesicle membrane.
Finally, pH gradient-stimulated urate uptake and chloride gra-
dient-stimulated urate uptake had identical inhibitory dose-
response profiles for probenecid, DIDS and SITS [2]. These
drugs inhibit the activity of anion exchange in the red cell [26,
27]. These data demonstrated that a urate-chloride exchange
transport mechanism was present in the dog renal brush border
membrane which was the same process as the pH gradient-
stimulated urate or PAH transport system. The best model to fit
these data is that the membrane contains an anion exchanger
with affinity for urate, PAH, hydroxyl ions and chloride.
Guggino, Martin and Aronson extended the list of anions
which have affinity for the dog renal brush border vesicle urate
anion exchanger [20]. They found that the monocarboxylic acid
anions, n-valerate, lactate, beta-hydroxybutyrate, pyruvate and
acetoacetate cis-inhibited hydroxyl gradient-stimulated (pH1 =
7.5, pH0 = 6.5) urate and PAH uptake. They showed that the
dicarboxylic acid anions, maleate, succinate, alpha-ketogluta-
rate and oxaloacetate, and the tricarboxylic acid anion, cis-
aconitate, also cis-inhibited pH gradient-stimulated urate and
PAH uptake [20]. By varying the ambient pH and measuring
chloride-gradient stimulated urate uptake (an operative mode of
the urate-anion exchanger) they were able to show that it was as
monovalent anions that the dicarboxylic acid anions succinate
and maleate interacted with the urate exchanger. Lactate,
succinate, beta-hydroxybutyrate and acetoacetate trans-stimu-
lated the uptake of urate, supporting the idea that these com-
pounds were transported via the urate anion exchanger. In the
case of lactate and succinate, additional confirmation of their
affinity for the urate exchanger was provided by the demonstra-
tion that an outwardly-directed hydroxyl ion gradient stimu-
lated the uptake of these compounds by a mechanism which
was inhibited by urate, probenecid, salicylate, furosemide and
DIDS [20].
The presence of a urate anion exchange mechanism in the
renal brush border membrane of the dog, if applicable to other
species, could explain the uphill reabsorption of urate which
had been demonstrated in the proximal tubule of the rat and
monkey [10, 12, 13]. As long as an electrochemical gradient
directed from cell to lumen was present for a molecule which
could undergo anion exchange with urate, urate could be
transported against its electrochemical gradient across the
brush border membrane into the cell. A passive exit step for
urate at the basolateral membrane could then result in the net
transepithelial reabsorption of urate against a concentration
gradient. Since only limited direct data on the transport of urate
in the proximal tubule of the dog were available [5], but
considerable in vivo data were available for the rat [4, 6, 7,
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12—18], Kahn and co-workers investigated whether the urate
anion exchanger was present in renal brush border vesicles
from the rat [3].
The uptake of urate and PAH were stimulated by an out-
wardly directed hydroxyl ion gradient (pH1 7.5, pH0, =6.0)
in rat renal brush border vesicles, and resulted in an overshoot
for urate [3]. Unlabelled urate or PAH cis-inhibited and trans-
stimulated the uptake of both ['4C] urate and [3H] PAH, and the
hydroxyl ion gradient-stimulated uptake of urate was inhibited
by probenecid, DIDS, furosemide and pyrazinoate. The dose
response curves of these compounds for inhibiting urate trans-
port were identical to those for inhibiting PAH transport [3]. As
in the dog [2, 20], outwardly directed gradients for chloride or
lactate stimulated the uptake of urate in rat renal brush border
vesicles [22]. In addition, an outwardly directed gradient for
bicarbonate stimulated the uptake and inhibited the efflux of
urate in these vesicles [3]. These data supported the idea that
the rat, like the dog, has a urate anion exchanger in the renal
brush border membrane. This exchanger in the rat has affinity
for urate, PAH, hydroxyl ions, bicarbonate, chloride and lac-
tate [3, 22].
Abramson and co-workers also studied the uptake of urate in
rat renal brush border vesicles [23, 24]. These vesicles were
isolated by a free-flow electrophoresis technique, as opposed to
the previously mentioned studies with dog and rat brush border
vesicles which were isolated by a magnesium aggregation and
differential centrifugation technique [2, 3, 19—22]. These inves-
tigators found that when vesicles were exposed to micromolar
concentrations of copper, a membrane associated uricase was
activated that converted some of the urate to allantoin. Copper
also stimulated the uptake of urate by the vesicles, and external
pyrazinoate and the uricase inhibitor oxonate inhibited this
uptake [23]. Since copper treatment also increased binding of
urate to the membranes [23], it was important to establish
whether copper actually increased the transport of urate. Sub-
sequent studies showed that in the presence of copper, the
stimulated uptake of ['4C] urate was further stimulated by an
outwardly directed gradient for unlabelled urate [24]. This
finding could not be explained by copper stimulated binding of
['4C] urate, since isotopic urate binding would be decreased by
preloading vesicles with unlabelled urate. Thus, the data sug-
gested that copper indeed stimulated the transport of urate.
Copper was necessary to demonstrate trans-stimulation of urate
uptake by urate, pyrazinoate or oxonate [24]. These data
indicated that a membrane bound unease, which was activated
by copper, mediates the transport of urate across the rat renal
brush border membrane. Additional studies by Abramson and
co-workers have given further support to the concept that
uricase can mediate the transport of urate [28]. Proteoliposomes
prepared from phosphatidylcholine by bath sonication with
purified hog liver uricase demonstrated time dependent uptake
of urate. ['4C] urate uptake was saturable, competitively inhib-
ited by oxonate and stimulated by preloading proteoliposomes
with unlabelled urate. Liposomes without added unease did not
take up urate [28].
The urate transport system found by Aronson and co-
workers and Kahn and co-workers in renal brush border
vesicles from the dog [2, 19—21] and rat [3, 22], respectively,
and the copper activated urate transport system in the rat
described by Abramson and co-workers [23, 24], all have
Fig. 2. Effect of cation gradients on uptake of(A) urate and (B) PAH
in rat renal brush border vesicles. Membrane vesicles were prepared in
(mM) 10 MgSO4, 200 mannitol, 50 Tris, 80 HEPES, pH 7.5, and 10 s
uptake of 53 M ['4C] urate and 2.0 M [3H] PAH was assayed in the
presence of(mM) 2 MgSO4, 50 Tris, 80 HEPES, 80 M FCCP, plus 216
mannitol, pH 7.5 (control) or 66 mannitol, 50 SO4, and 100 Nat, K,
Li, or Cs, pH 7.5. Uptake with external metal cations is expressed as
percent of control uptake. Each bar represents mean SE for 3 separate
membrane vesicle preparations. Reprinted with permission from refer-
ence 3.
properties of a urate-anion exchanger. It is interesting, how-
ever, that the former studies employing dog or rat brush border
vesicles were performed in the absence of added copper, and
uricase activity was not present in these preparations [3, 19]. In
addition, Abramson and Lipkowitz were not able to demon-
strate stimulation of urate uptake by an outwardly-directed
hydroxyl ion gradient, either in the presence or absence of
copper [24]. Taken together, the vesicle data from the rat are
most compatible with two distinct transport systems for urate in
the brush border membrane: a copper-independent urate anion
exchanger, and a copper-dependent urate transporter which
may be associated with or identical to the unease enzyme.
The presence of a sodium-urate cotransport system could not
be demonstrated in renal brush border vesicles from the rat or
the dog [2, 3]. Kahn, Branham and Weinman found that the 10
second uptake of urate by rat brush border vesicles was not
affected by isosmotically replacing extravesicular mannitol with
Na, K, Li or Cs [3]. These data are shown in Figure 2. Kahn and
Aronson found that the two second uptake of urate by dog
brush border vesicles was not affected by an inwardly directed
gradient for sodium versus potassium [2]. Abramson and co-
workers found that urate uptake by copper treated rat brush
border vesicles was stimulated by an inwardly-directed Na Cl
gradient, and achieved levels which were higher than that which
would be expected if extravesicular urate equilibrated with the
intravesicular space [23, 24]. This uptake of urate, after cor-
recting for urate binding, appeared to represent concentrative
urate transport. This finding could not be explained by a
sodium-urate cotransport system, however, since an inwardly-
directed KC1 gradient produced the same results [231. These
investigators subsequently reported that copper reduces the
chloride permeability of the rat brush border membrane, that an
inwardly-directed chloride gradient does not dissipate even
after one hour of incubation, and that the membrane conduc-
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tance for chloride is less than that for sodium or potassium in
copper treated vesicles [24]. They interpreted these finding to
indicate that an inwardly-directed NaCl or KC1 gradient in
copper treated vesicles results in a sustained inside positive
diffusion potential, which drives the concentrative uptake of
urate [24]. Such a mechanism, however, could not account for
concentrative uptake of urate across the brush border mem-
brane in vivo because the cytoplasm of the proximal tubular cell
is electronegative with respect to the luminal fluid [29].
Urate transport in basolateral membrane vesicles
The transport mechanisms for urate in the basolateral mem-
brane of the proximal tubule are not well understood, but recent
studies have shown that urate transport in rat renal cortical
basolateral membrane vesicles can be stimulated by an oppo-
sitely-directed chloride gradient [22]. These data suggest the
presence of a urate-chloride exchange process. Approximately
50% of unstimulated tracer urate influx in these vesicles was not
cis-inhibited by millimolar concentrations of unlabelled urate,
probenecid or DIDS [221. This component of urate uptake was
increased and decreased by rendering the intravesicular space
electropositive and electronegative, respectively (Kahn, unpub-
lished observations). Thus, at least a part of urate transport in
the basolateral membrane of the rat proximal tubule may
represent simple diffusion. A sodium-urate cotransport system
could not be demonstrated in these vesicles [22].
Abramson and co-workers found that copper activated
uricase activity and urate transport in rat renal basolateral
membrane vesicles in much the same way that copper affected
these functions in brush border vesicles [23, 24]. Thus, urate
transport across the basolateral membrane of the rat proximal
tubule may also be mediated by the uricase enzyme.
Relation between reabsorption of sodium and urate in vivo
The renal reabsorption of urate in a number of species varies
directly with the fractional reabsorption of sodium [1, 11]. For
example, depletion of the extracellular fluid volume results in
enhanced fractional reabsorption of both sodium and urate in
the proximal convoluted tubule of the rat, while expansion of
extracellular fluid volume decreases the fractional reabsorption
of these solutes [30, 31]. The association between sodium and
urate reabsorption may be explicable in that variations in
sodium reabsorption alter several parameters which in turn
affect urate reabsorption. The first parameter is the concentra-
tion profile for urate in the proximal tubule. Under experimental
conditions in which the flow rate in the rat proximal tubule was
controlled, the rate of urate reabsorption increased as the
intraluminal concentration of urate was increased [14]. Changes
in the rates of sodium and water reabsorption would affect the
concentration profile of urate in the tubular lumen. This would
affect the reabsorptive flux of urate since the Km for urate
reabsorption in the rat proximal tubule is above the plasma
concentration of urate [11, 14].
Tubular flow rate is a second parameter which is influenced
by the reabsorption of sodium which in turn affects the reab-
sorption of urate. Microperfusion studies in the rat have dem-
onstrated that the fractional rate of urate absorption varies
inversely with the rate of flow in the rat proximal tubule [31].
Since the luminal flow rate is dependent on the rates of sodium
and water absorption, enhanced sodium reabsorption would
diminish average luminal flow rate which would lead to in-
creased urate reabsorption. Although the precise factors re-
sponsible for the inverse relation between luminal flow rate and
fractional urate reabsorption have not been determined, it
would seem that the more time a given molecule of urate
remains within the confines of the proximal tubule, the greater
the chance that the molecule would be reabsorbed.
A third possible explanation for the direct relationship be-
tween sodium and urate reabsorption may involve the Starling
forces which influence net volume flux in the proximal tubule.
For example, renal hypoperfusion would result in increased
filtration fraction, increased peritubular capillary oncotic pres-
sure and decreased peritubular capillary hydrostatic pressure
[32]. These forces might increase the net reabsorption of both
sodium and urate by enhancing the rate of fluid uptake from
interstitium to capillary and/or decreasing the rate of backflux
into the lumen [33—35].
Relation between the reabsorption of sodium and urate across
the brush border membrane
As mentioned above, prior studies have shown that an
inwardly-directed sodium gradient did not stimulate the uptake
of urate by renal brush border vesicles from the rat or dog [2, 3].
These data argue against the presence of a sodium-urate
cotransport mechanism in these membranes. On the other
hand, urate uptake by rat and dog brush border vesicles is
mediated via exchange with a variety of anions present within
the proximal tubular cell [2, 3, 19, 20, 22]. Any process in the
brush border or basolateral membrane which mediates the
direct sodium-coupled transport of these anions into the cell,
and results in a cell to lumen electrochemical gradient for these
anions, could represent an indirect link between the inwardly
directed Na gradient and the uphill transport of urate into the
cell across the brush border membrane.
A sodium-proton exchanger has been found in the renal brush
border membrane from several species, including the rat and
dog [36]. This transport system directly couples the influx of
sodium with the effiux of protons, resulting in an inside alkaline
electrochemical gradient for protons across the brush border
membrane [36]. The concomitant rise in the electrochemical
potential for intracellular bicarbonate or hydroxyl ions with
respect to the lumen would be expected to drive the uphill
transport of urate across the brush border membrane as long as
the sodium-proton and urate-anion exchangers are present in
the brush border membrane of the same proximal tubular cells.
In this manner, the influx of sodium across the brush border
membrane could be indirectly coupled to the influx of urate.
A sodium monocarboxylic acid anion cotransport system has
been found in renal brush border vesicles from rat [37, 38], dog
[20] and rabbit [39]. In the rabbit, this transport system has
affinity for lactate, pyruvate, beta-hydroxybutyrate and ace-
toacetate [39]. In the dog, urate does not have affinity for this
transport system, but these organic anions have affinity for the
urate-anion exchanger [20]. To the extent that the sodium-
monocarboxylic acid anion cotransport and urate anion• ex-
change transport systems are present in the brush border
membrane of the same proximal tubular cells, and to the extent
that the brush border sodium-monocarboxylic acid anion
cotransport system can lead to a cell to lumen electrochemical
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Fig. 3. Effect of lactate on orate uptake in dog renal brash border
vesicles. Membrane vesicles were preincubated for 120 mm in (mM) 130
K, 92 phosphate, 105 mannitol, and 5 MgSO4 at pH 6.5. Uptake of 58
/LM ['4C] urate was assayed in the presence of 50 K, 37 phosphate, 46
mannitol, 8 HEPES, I MgSO4, and either 109 K gluconate (U, I) or 109
Na gluconate (0, •), with (•,) or without (0, 0) 1 Li lactate at pH
6.5. Reprinted with permission from reference 20.
gradient for one of these organic anions, which can then
exchange for lurninal urate, the influx of sodium down its
electrochemical gradient could be indirectly linked to the uphill
transport of urate from lumen to cell.
This scenario has recently been demonstrated in renal brush
border vesicles of the dog by Guggino, Martin and Aronson
[20]. As demonstrated in Figure 3, urate uptake in the presence
of external potassium was minimally inhibited by adding 1 mM
lactate to the external medium. When 109 m sodium was
substituted for potassium in the extravesicular medium, creat-
ing an inwardly-directed sodium gradient, the addition of 1 mrvi
external lactate markedly stimulated the uptake of urate, and
resulted in an overshoot for urate above its equilibrium value.
These data demonstrated that at least a portion of individual
brush border vesicles contained both the sodium-lactate
cotransport and urate-anion exchange systems, and that the
sodium-lactate cotransport system mediated the concentrative
uptake of lactate, which in turn resulted in the concentrative
uptake of urate via urate-lactate exchange [20]. Thus, the
stimulation of urate uptake across these brush border mem-
brane vesicles was indirectly linked to the transport of sodium
in the same direction.
It is noteworthy that even in the absence of lactate, Figure 3
shows that external sodium stimulated the uptake of urate in
dog renal brush border vesicles relative to external potassium.
Prior studies have shown that external sodium versus potas-
sium had no effect on the two second uptake of urate in these
vesicles [2]. Although the apparent discrepancy in these data
remain unexplained, it is interesting to speculate that at the time
points shown in Figure 3, which are all later than two seconds,
the inwardly-directed sodium gradient eventually resulted in an
outwardly-directed hydroxyl ion gradient due to the presence of
the sodium-proton exchanger which is present in this membrane
[40]. The hydroxyl ion gradient could in turn stimulate urate
uptake [19].
The renal brush border membrane of several species, includ-
ing the dog and the rat, contains a sodium cotransport system
for the major tricarboxylic acid cycle intermediates [20, 41—45].
In addition, renal cortical basolateral membrane vesicles from
several species, including the rat, contain a sodium cotransport
system for these compounds [41, 43, 45]. As mentioned above,
the tricarboxylic acid cycle intermediates, succinate, alpha-
ketoglutarate and oxaloacetate, have affinity for the urate-anion
exchanger in the dog renal brush border membrane [20]. To the
extent that the brush border and/or basolateral membrane
sodium-tricarboxylic acid cycle intermediate cotransport sys-
tems are present in the same proximal tubular cells as the brush
border urate anion exchanger, and to the extent that these/— sodium cotransport systems participate in creating an electro-2 hr.
chemical gradient from cell to lumen for the tricarboxylic acid
cycle intermediates which can exchange for luminal urate, the
influx of sodium in association with these compounds, across
the brush border or basolateral membrane, could indirectly
drive the net uphill transport of urate into the cell across the
brush border membrane.
Conclusion
The reabsorption of urate in the proximal tubule of several
mammals can occur against an electrochemical gradient [10, 12,
13], and it would appear that the brush border membrane is the
site of the uphill transport step [2, 3, 19—22]. Although the
inwardly-directed electrochemical gradient for sodium is prob-
ably the energy source for this uphill transport step, a sodium-
urate cotransport system has not been identified in the brush
border [2, 3]. An anion exchanger with affinity for urate and
several other anions has been identified in renal brush border
vesicles from rat and dog which is capable of mediating the
uphill transport of urate if an oppositely-directed electrochem-
ical gradient for the counter ion has been imposed [2, 3, 19—21].
Since the transport of sodium down its electrochemical gradient
can be directly coupled with the uphill transport of several of
these counter anions [20, 37, 38, 41, 43], resulting in a cell-
to-lumen electrochemical gradient, the subsequent uphill trans-
port of urate into the cell can be achieved via the brush border
urate anion exchanger. In effect, then, the flux of sodium into
the cell can be indirectly linked to the transport of urate from
lumen to cell.
The sodium-linked transport of urate into the cell could occur
via three separate mechanisms. As shown in the top panel of
Figure 4, sodium influx across the brush border membrane can
be coupled to the efflux of protons via the sodium-proton
exchanger. The resulting cell to lumen electrochemical gradient
for hydroxyl ions or bicarbonate, which are exchange partners
for urate [3, 19], could drive the uphill transport of urate from
lumen to cell. As shown in the middle panel of Figure 4, a
sodium-organic anion cotransport process at the brush border
membrane can couple the influx of sodium to the transport of
the organic anion into the cell up its electrochemical gradient.
Once inside the cell, the organic anion could then exchange for
luminal urate, driving it into the cell against its electrochemical
gradient. Finally, as depicted in the lower panel of Figure 4, the
sodium-organic anion cotransport system could be located in
the basolateral membrane of the proximal tubular cell. This
Na LACT
200
150
0
0
'5
0.
'5
'0
100 K LACT
50
0
0 1 2
Kahn: Na and urate transport 383
1. CHONKO AM, GRANTHAM JJ: Disorders of urate metabolism and
excretion, in The Kidney, edited by BM BRENNER, FC RECTOR, JR,
Philadelphia, Saunders, 1981, pp. 1023—1055
2. KAHN AM, ARONSON PS: Urate transport via anion exchange in
dog renal microvillus membrane vesicles. Am J Physiol 244:
F56—F63, 1983
3. KAHN AM. BRANHAM S. WEINMAN EJ: Mechanism of urate and
p-aminohippurate transport in rat renal microvillus membrane
vesicles. Am J Physiol 245:F151—F158, 1983
4. SENEKJIAN HO, KNIGHT TF, WEINMAN EJ: Micropuncture study
of the renal handling of [6-'4C] urate in the rat. Miner Electra!
Metab 2:155—160, 1979
5. ROCH-RAMEL F, WONG NLM, DIRKS JH: Renal excretion of urate
in mongrel and dalmation dogs: A micropuncture study. Am J
Physiol 231:326—331, 1976
6. ABRAMSON RG, LEVITT MF: Micropuncture study of uric acid in
rat kidney. Am J Physiol 228:1597—1605, 1975
7. ROCH-RAMEL F, CHOMETY-DIEZ F, DE ROUGEMONT D, TELLIER
M, WIDMER J, PETERS G: Renal excretion of uric acid in the rat: A
micropuncture and microperfusion study. Am J Physiol 230:768—
778, 1976
8. MANUEL MA, STEELE TH: Changes in renal urate handling after
prolonged thiazide treatment. Am J Med 57:741—746, 1974
9. ROCH-RAMEL F, WEINER IM: Inhibition of urate excretion by
pyrazinoate: A micropuncture study. Am I Physiol 229:1604—1608,
1975
10. ROCH-RAMEL F, WEINER IM: Excretion of urate by the kidneys of
Cebus monkeys: A micropuncture study. Am J Physiol 224:1369—
1374, 1973
11. ROCH-RAMEL F: Renal excretion of uric acid in mammals. C/in
Nephrol 12:1—6, 1979
12. DE ROUGEMONT D, HENCHOZ M, ROCH-RAMEL F: Renal urate
excretion at various plasma concentrations in the rat: A free-flow
micropuncture study. Am J Physiol 23 1:387—392, 1976
13. WEINMAN EJ, SENEKJIAN HO, SANSOM SC, STEPLOCK D, SHETH
A, KNIGHT TF: Evidence for active and passive urate transport in
the rat proximal tubule. A,n J Physiol 240:F90—F93, 1981
14. SANSOM SC, SENEKJIAN HO, KNIGHT TF, BABINO H, STEPLOCK
D, WEINMAN EJ: Determination of the apparent transport con-
stants for urate absorption in the rat proximal tubule. Am I Physiol
240:F406—F410, 1981
15. KNIGHT TF, SENEKJIAN HO, SANSOM S, WEINMAN EJ: Effects of
intraluminal D-glucose and probenecid on urate absorption in the
rat proximal tubule. Am J Physio/ 236:F526—F529, 1979
16. WEINMAN EJ, SANSOM SC, BENNETT S. KAHN AM: Effect of
anion exchange inhibitors and para-aminohippurate on the trans-
port of urate in the rat proximal tubule, Kidney mt 23:832—837, 1983
17. WEINMAN EJ, SANSOM SC, STEPLOCK DA, SHETH AU, KNIGHT
TF, SENEKJIAN HO: Secretion of urate in the proximal convoluted
tubule of the rat. Am J Physiol 239:F383—F387, 1980
18. KRAMP RA, LENOIR RH: Characteristics of urate influx in the rat
nephron. Am I Physiol 229:1654—1661, 1975
19. BLOMSTEDT JW, ARONSON PS: pH gradient-stimulated transport of
urate and p-aminohippurate in dog renal microvillus membrane
vesicles. J C/in Invest 65:931—934, 1980
20. GUGGINO SE, MARTIN GJ, ARONSON PS: Specificity and modes of
the anion exchanger in dog renal microvillus membranes. Am J
Physiol 244:F612—F62l, 1983
21. GUGGINO SE, ARONSON PS: Paradoxical effects of pyrazinoate and
nicotinate on urate transport in dog renal microvillus membranes. J
C/in Invest 76:543—547, 1985
22. KAHN AM, SHELAT H, WEINMAN EJ: Urate and p-aminohippurate
transport in rat renal basolateral vesicles. Am J Physiol 249:
F654—F661, 1985
23. ABRAMSON RG, KING VF,REIF MC, LEAL-PINTO E, BARUCH SB:
Urate uptake in membrane vesicles of rat renal cortex: Effect of
copper Am J Physio/ 242:F158—Fl70, 1982
24. AERAMSON RG, LIPKOWITZ MS: Carrier-mediated concentrative
urate transport in rat renal membrane vesicles. Am J Physiol
248:F574—F584, 1985
Na
Urate
References
Na +
Urate
4'
U rate
Fig. 4. Mode/s for uphill urate absorption via anion exchange across
the /uminal membrane of proximal tubular cell. Adapted from reference
20.
transport system could couple the influx of sodium across the
basolateral membrane with the simultaneous influx of the
organic anion, resulting in a cell to lumen electrochemical
gradient for the anion. The anion could then exchange for
luminal urate resulting in the uphill transport of urate across the
brush border membrane.
The three mechanisms shown in Figure 4 for the indirect
coupling of sodium transport down its electrochemical gradient
into the cell with the transport of luminal urate into the cell
could result in an electrochemical gradient for urate directed
from cell to interstitium. The efflux of urate could then occur
down its electrochemical gradient across the basolateral mem-
brane via anion exchange with interstitial chloride, via diffusion
or via the uricase enzyme. This would result in the net uphill
reabsorption of urate, which has been demonstrated in the
proximal tubule of the rat and monkey [10, 12, 131.
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